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Abstract 
The functional performance of mechanical components depends on their surface characteristics, surface integrity and geometric 
accuracy. It is critical to understand the influence of these surface properties on product performance, so the manufacturing 
processes can be designed to deliver the required performance. This paper presents the influence of surface characteristics on 
functional performance including surface topography, surface 2D/3D parameters, tribological parameters and residual stresses.  It 
then discusses the surface properties created by various finishing methods such as hard turning, grinding, superfinishing, mass 
finishing, etc. Finally, it provides guidelines for the design and selection of finishing processes in order to yield the critical product 
performance characteristics. 
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1. Introduction 
In a product made up of mechanical parts, certain critical 
components are required to achieve the product’s desired 
functional performance. There are three key factors – material, 
product and manufacturing process – in designing a critical 
component that yields the required functional performance as 
shown in Fig.1. Which factor is more critical depends on the 
demands placed on product performance. A component might 
Fig.1. Functional performance and three key factors of product design. 
need to satisfy multiple demands on product performance at the 
same time e.g., long fatigue life, high wear resistance and low 
friction. Another component might be required to meet only 
one, such as low vibration/sound performance. A product’s 
superiority comes from a rigorous design of these three factors: 
1) material, 2) product and 3) manufacturing process.  
Fig.2. Typical manufacturing process sequence from material to product.  
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The proper design of manufacturing processes ensures not 
only product quality, but also the product-performance 
capability and efficiency in manufacturing costs [1, 2]. Fig.2 
illustrates the typical manufacturing process sequence used to 
transform raw material to a finished component such as a 
bearing ring. The processes from raw material to heat treatment 
are termed “material conversion processes” and are used to 
generate the basic shape of the product followed by material 
removal processes such as milling, turning, drilling, etc. The 
hardness and microstructure of the machined component is then 
refined in the heat treatment process to obtain a hardened 
component. In the finishing process, material removal with 
grinding or hard turning is used to produce components with 
specified dimensions and tolerances. In addition, the finishing 
process imparts the required geometrical accuracy (e.g., 
roundness, profile and roughness) to the component.  
After the finishing process, the components can be used in 
assembled products. Some products are subjected to an 
additional finishing process after grinding or hard turning in 
order to enhance functional performance. This post-finishing 
process is called “fine-finishing” and is used to obtain the 
required surface topography [3], surface integrity (e.g., 
subsurface mechanical and metallurgical properties) and 
geometrical accuracy. Abrasive fine-finishing methods include 
superfinishing, honing, mass finishing, lapping and polishing. 
Sometimes, a surface structuring process is used to generate an 
engineered surface texture on the component surface [4]. 
The material conversion processes influence product 
performance, especially wear performance, through control of 
the material hardness. However, the finishing process, which 
often constitutes the final manufacturing process step, has a 
more significant impact on product performance. It is therefore 
of considerable importance to better understand the 
fundamental aspects of finishing methods and to design proper 
finishing processes by selecting the appropriate finishing 
method. 
The objective of this paper is to describe the basic 
characteristics of surfaces created by various finishing methods 
and the influence of those surfaces on product performance. 
This knowledge is used to develop guidelines for the selection 
of appropriate finishing methods and their design. 
2. Finishing methods  
Fig.3 shows the classifications of finishing technology. 
Finishing process technology can be classified into two 
categories based on the machining principle: 1) motion-copying 
processes and 2) pressure-copying processes. Motion-copying 
processes remove material at a given depth of cut. Grinding and 
hard turning are two finishing methods that utilize the motion-
copying principle. While grinding removes material via a 
grinding wheel with multiple non-deterministic cutting edges, 
hard turning is a method that removes material through a single-
point cutting tool. Both methods are capable of high material 
removal rates and precision control of form accuracy and 
dimensions within given tolerances. In contrast, pressure-
copying processes have no given depth of cut, but create a 
finished surface by applying tool pressure against the 
workpiece surface. This process is called “fine-finishing” and 
is suitable for obtaining desired the surface topography and 
surface integrity. While fine-finishing has the ability to improve 
form accuracy, it cannot control dimensional accuracy.  
In abrasive fine-finishing processes, there are two types of 
abrasive grains: 1) bonded abrasives, and 2) un-bonded 
abrasives. Examples of abrasive fine-finishing methods using a 
bonded abrasive tool are: superfinishing, honing, film/tape 
finishing, brushing and mass finishing. Examples of fine-
finishing methods using un-bonded abrasive tools are: blasting, 
jet finishing, lapping, polishing, buffing, abrasive flow 
finishing and magnetic abrasive finishing.  
 
Fig.3. Classifications of finishing technology. 
 
3. Characterization of surfaces created by various 
finishing methods 
Four kinds of surfaces finished by 1) grinding (GD), 2) 
superfinishing (SF), 3) hard turning (HT) and 4) isotropic 
finishing (IF) (mass finishing) [5] are investigated. 
Representative 2D and 3D images of the four surfaces produced 
in AISI 52100 (HRC 60-64) are shown in Fig.4. Also, the 
corresponding 2D and 3D surface parameters are summarized 
in Table 1.  
The GD part surface shows a typical ground surface 
consisting of one-directional grinding grooves while the SF 
surface has the typical crosshatch pattern characteristic of 
superfinished surfaces. The HT surface consists of periodic tool 
feed marks [6]. The IF surface shows an isotropic surface 
without any directional machining marks.  
Examination of the 2D surface parameters reveals that the IF 
surface has the lowest average surface roughness Ra, while the 
GD surface has the highest roughness. The trend of the peak-
to-valley roughness Rt is similar to Ra. The positive skewness 
(Rsk>0) indicates a surface with predominant peaks, while the 
negative skewness (Rsk<0) indicates a surface with predominant 
valleys. Only the HT surface exhibits positive skewness, which 
is not suitable in a rolling element bearing surface. The SF and 
IF surfaces have high negative Rsk values, which indicates that 
the surfaces have a flat-topped or plateau surface with valleys 
or pits. In general, the plateau surface improves the functional 
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Fig.4. 2D and 3D images of surfaces finished by various finishing methods [1]. 
 
Table 1. 2D/3D parameters of surfaces created by various finishing methods [1]. 
 
performance of the component, especially through improved 
fatigue life, lower friction and lower sound/vibration level [2]. 
The ∆q parameter yields the average surface slope. The IF 
surface has a very small slope indicating a very flat surface 
compared to the other finished surfaces. The plasticity index ψ 
is a measure of the extent of plastic deformation of the surface 
asperities [7]. For a normal contact load of 7.5 N, only the IF 
surface has ψ <1, which implies that it deforms elastically. 
Comparison of the 3D surface parameters for the four 
finished surfaces shows that the 3D root mean square roughness 
height Sq is similar to Ra. A high value of Sal indicates that the 
surface is dominated by low frequency components, whereas a 
low value indicates otherwise. The HT surface has a high value 
while the GD and SF surfaces have smaller values of Sal. The 
density of summits Sds is the number of summits contained in a 
unit sampling area, and provides an estimate of the average 
number of surface asperities per unit area. The IF and HT 
surfaces have the lowest Sds, while the SF and GD surfaces have 
significantly higher values. 
Fig.5 shows the results of rolling-sliding friction tests under 
a normal contact load of 333N. It can be seen that the mean 
coefficient of friction decreases by 70% if the surface type is 
changed from GD to IF. The friction coefficient of the HT 
surface is the same as the SF surface even though the SF surface 
has a lower average roughness Sq as seen in the table in Fig.5. 
The higher asperity height implied by Sq will cause greater 
interlocking of asperities, but the larger number of summits 
implied by Sds results in a larger real-area of contact and hence 
the possibility of increased adhesion. The IF surface has the 
lowest Sq and Sds values and yields the lowest friction 
coefficient. The GD surface has a high Sq that results in high 
mechanical interference and high adhesion due to a high 
density of summits Sds. Consequently, the GD surface exhibits 
high friction. Although the Sq value for the SF surface is less 
than that of the HT surface, the high Sds value for the SF surface 
offsets the effect of lower Sq.  
Fig. 5. Friction coefficients of surfaces created by various finishing 
methods [1]. 
 
As discussed earlier, each surface has its own tribological 
properties. The surface structuring technology [4] provides a 
new capability for controlling friction and wear performance 
through the design of deterministic micro-patterns on the 
surface [8]. Fig. 6 shows four types of engineered surfaces with 
different micro-patterns fabricated on flat steel samples 
(ANSI52100, HRC60) by using photolithography and etching 
[9].  
The coefficient of friction between the engineered surface 
and the slider (steel bearing ball ϕ20 mm) was measured under 
various sliding speeds and contact loads. Fig. 7 shows the 
results of these friction measurements [9]. At the high contact 
stress, there is no significant difference between the non-
patterned surface and the engineered surfaces with micro-
patterns. However, at the low contact stress of 120 MPa, the 
micro-patterned surfaces provide significantly lower 
coefficients of friction than the non-engineered surface. The 
small ellipse pattern on the surface yields the lowest friction 
coefficient, which is 55% lower than the non-patterned surface. 
This result clearly indicates that surface structuring technology 
can improve the frictional performance parameters such as 
lowering torque and heat generation, and increasing wear 
resistance. 
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Fig.6. Engineered surfaces fabricated on steel plates [9]. 
 
 
Fig.7. Friction coefficient of micro-patterned and non-patterned surfaces [9]. 
 
4. Integrity of surfaces created by various finishing 
methods  
The residual stress profiles for various types of surfaces 
produced in case carburized steel (HRC58-62) are shown in 
Fig. 8. A higher compressive stress enhances the fatigue life 
[10, 11]. All of the finishing methods investigated here 
generate compressive residual stresses. The surface 
compressive stress is highest for the SF surface and lowest for 
the GD surface. The HT subsurface exhibits a deep 
compressive stress profile [12]. The IF surface shows a profile 
similar to the SF surface. The GD and HT surfaces may develop 
a subsurface damaged layer called the heat affected zone 
(HAZ) mainly consisting of the re-tempered and/or re-
hardened layer, caused by material removal at a high cutting 
speed. If a finished surface has HAZ, its residual stress shifts 
to the tensile stress, which can reduce the fatigue life of the 
component, and negatively impact product performance. In 
general, the SF and IF surfaces have no HAZ because of the 
low cutting speed. 
 
5. Performance of functional surfaces created by various 
finishing methods 
The functional surfaces of standard bearings are finished by 
superfinishing after grinding (GD+SF). In this research, the 
fatigue life of the bearings finished by the other finishing 
 
Fig. 8. Residual stress profiles [1]. 
 
method is compared to the life of the standard (GD+SF) 
bearing. Fig. 9 shows the fatigue lives of bearings processed by 
all four finishing methods. The key parameters for extending 
bearing fatigue life are 1) a surface texture with low roughness 
and 2) a compressive residual stress profile [12]. It can be seen 
that the (GD+IF) bearing has the longest life while the GD 
bearing has the shortest. The (GD+SF) and (HT+SF) bearings 
have the same surface roughness and texture identical to that 
created by the SF method. However, the life of the (HT+SF) 
bearing is 2.1 times longer than the (GD+SF) surface [13]. This 
is largely because of the deep compressive residual stress 
profile created by the hard turning process as shown in Fig. 8.  
Two types of tapered roller bearings made from case 
carburized steel were prepared to evaluate the effect of the 
finishing method on the bearing torque and temperature [2]. 
Fig. 10 (a) and (b) show the measured bearing torques and 
temperature at the OD surface of the outer ring. The SF bearing 
is the standard bearing processed by SF after GD. The IF 
bearing is finished by IF after GD. During the load tests, the 
radial load was gradually increased from 0 to 122 kN in 7.5 
hours and then kept constant at 122 kN. For the SF bearing, the 
torque and temperature increased with radial load and then 
gradually decreased under constant load.  
The transient run-in period is clearly visible in Fig. 10. On 
the other hand, for the IF bearing, the run-in period is 
negligible. The bearing torque and temperature of the IF 
bearing were 20% and 40%, respectively, lower than the SF 
bearing. This indicates that the IF method yields a very stable 
surface compared to the SF method. One important reason for 
this is that the IF surface has lower Sq and Sds values compared 
to the SF surface. These two parameters reduce friction, which 
lowers the torque and temperature in the IF bearing. 
Abrasive fine-finishing methods are used to improve the 
noise and vibration performance of the bearings and mechanical 
power transmission components. In the case of bearing rings 
and rolling elements, wrapping the superfinishing stone around 
the workpiece results in reduced noise and vibration because of 
attenuating high-frequency undulations on the circumference. 
 Fig. 11 shows a comparison of the sound pressure levels 
between two bearings with the sets of IF rollers and SF rollers. 
The SF method drastically improves the sound performance by 
 
(a) Small ellipse 15 x 6.5μm (b) Large ellipse 21 x 8.5μm
(c) Small dimple φ10μm (d) Large dimple φ13μm
Sliding
Sliding
Sliding
Sliding
0.1
0.15
0.2
0.25
0.3
0.35
0 100 200 300 400 500
Small ellipse
Large ellipse
Small dimple
Large dimple
No pattern
Average contact stress  MPa
Co
ef
fic
ie
nt
 o
f f
ric
tio
n
Sliding speed 1.7 m/s
HT
SF
GD
IF
0
-250
-500
-750
-1000
25 10050 75
Re
si
du
al
 s
tr
es
s 
 M
Pa
Depth from surface  μm
5 Fukuo Hashimoto et al. /  Procedia CIRP  45 ( 2016 )  1 – 6 
reducing high-frequency undulations in the roundness of the 
rollers. On the other hand, the IF method provides a very low 
Sq, and does not have the ability to improve the sound 
performance because of its inability to improve roundness.  
 
Fig.9. Relative bearing life vs. finishing method [1]. 
 
 
 
Fig.10. Effect of surface type on bearing torque and temperature [2]. 
 
 
 
 
Fig. 11. Comparison of sound pressure levels between IF rollers and SF 
rollers in assembled bearings. 
 
6. Guidelines for design and selection of finishing 
processes  
Table 2 provides guidelines for associating the influence of 
critical characteristics of finished component to the product 
performance. For instance, in order to obtain high performance 
in fatigue life, almost all of critical factors in the fields of 
geometrical accuracy, topography and surface integrity must be 
tightly controlled. On the other hand, in order to reduce the level 
of vibration/sound, the process control should be focused on 
improving roundness with low UPR (undulation per 
revolution). In the case of a product required for low torque 
performance, the finishing process should be focused on 
improving surface topography with reduced roughness [14, 15, 
16]. 
Table 3 provides guidelines for the selection of a finishing 
method based on the required critical product performance. 
When the key performance of a product is high wear resistance 
and low heat/torque generation, which can be achieved by 
lowering the friction, several finishing methods, such as SF 
(superfinishing), IF (isotropic finishing - mass finishing), 
 
Table 2. Influence of surface characteristic on product performance. 
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Table 3. Process controllability of finishing methods. 
 
honing, and lapping/polishing/buffing, should be selected 
because of their capability for smooth surface generation. 
However, among them, only superfinishing and honing are 
capable of improving geometrical accuracy. Where the product 
needs to provide consistent lubrication via the finished surface, 
such as with the bore of engine cylinders, honing can be 
selected. The superfinishing method can be used for the 
production of low noise performance, but mass finishing 
cannot because of its lack of roundness controllability. The 
abrasive flow finishing and magnetic abrasive finishing 
processes are uniquely capable of improving surface finish and 
hence the wear and corrosion characteristics on the inner 
diameters of very small tubes. 
 
7. Concluding remarks  
This paper described the characteristics of surfaces created 
by various finishing methods, and discussed the influence of 
finished surface properties on product performance. In order to 
provide the required product performance, guidelines for the 
design of proper finishing processes as well as the selection of 
appropriate finishing methods were presented.  
In the discussion of whole manufacturing processes for 
critical component production, it is pointed out that the material 
conversion processes would be radically changed by 
evolutionary technologies such as additive manufacturing or 
powder-metal compaction with advanced heat treatment 
technology. This revolution will force the transition from 
traditional finishing processes to evolutionary finishing 
processes. In the future, precision components with minimum 
finishing stock produced by an advanced material conversion 
process will require finishing by a new finishing technology 
that has both the capabilities of high material removal and 
excellent surface integrity. Furthermore, new finishing 
technologies will need to be developed to finish additively 
manufactured components with very complex shapes. Surface 
structuring will be required for some of the components in 
order to create specific surface properties that cannot be 
obtained by existing finishing methods.  
This type of demand can be seen in a wide range of industries, 
including automotive, bearing, semiconductor, medical, 
aerospace and food. The trend will lead to the development of 
novel finishing technologies including new machine tool and 
cutting tool technologies. These future demands described 
above pose a challenge not only for machine tool 
manufacturers, but also for finishing researchers. Collaboration 
between machine tool builders, tool suppliers and the academic 
community will be crucial for moving to the next generation of 
finishing technology. 
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Polishing + ++ ++ ++ ++ ++ - + ++ ++
Buffing + + ++ ++ ++ ++ - + ++ +++
Abrasive flow finishing - + ++ - - - - - ++ ++
Magnetic abrasive finishing - + ++ - - - - - ++ ++
Fi
ni
sh
in
g 
m
et
ho
d
Bo
nd
ed
 a
br
as
iv
e
U
n-
bo
nd
ed
 a
br
as
iv
e
Finishing method vs. product 
performance 
+++  Significant influence, ++  Big influence,   +  Some influence,   -   Almost no influence
Product performance
